To obtain accurate information through web searches, people have to search for information carefully. This study investigates how the search behaviors and decision outcomes of searchers were affected by the documents they encountered during their search process. We focus on two document factors: (1) opinion (consistent and inconsistent) with the searchers' beliefs prior to the search task, and (2) credibility (high and low). We conducted a user study in which 260 participants were asked to perform health-related search tasks while controlling a search result with different opinions and credibility levels. The results revealed that (i) the participants spent more effort searching by issuing more queries, when beliefinconsistent documents were presented; (ii) the documents' opinion and credibility affected their belief dynamics, (i.e., how their beliefs changed after the search task); and (iii) their belief dynamics and search efforts had few relationships. These findings suggest that search engines could prevent users from polarization and thus, help them to obtain accurate information, by presenting documents that are inconsistent with users' beliefs on the higher-rank of the results.
INTRODUCTION
To obtain accurate information, previous studies have suggested that users should expose themselves to diverse information [12, 24, 25, 35] and carefully verify information by spending more time on a search task, checking the author information in a document Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. CIKM '19, November 3-7, 2019, Beijing, China © 2019 Copyright held by the owner/author(s). Publication rights licensed to ACM. ACM ISBN 978-1-4503-6976-3/19/11. . . $15.00 https://doi.org/10.1145/3357384.3357886 during a search, etc [47, 49] . However, users are likely to exhibit confirmation bias, where they seek information to confirm their beliefs via web search engines [42] [43] [44] [45] . For example, the users who believe that green tea extract is helpful for losing weight might select only positive information about the green tea extract, even though researchers argue that it is ineffective and harmful [4, 18] . Consequently, they are likely to refrain from diverse and careful searches for information.
Another line of research suggested that opinion and the quality of information affect people's confirmation bias and information behavior [7, 20, 38] . For example, Schwind et al. reported that people's confirmation bias could be mitigated by presenting information that was inconsistent with their preference [38] . Such researches imply that we would be able to design a search results ranking system that encourages people to search more carefully.
In this study, we focused on two factors of the document searchers encountered during their searches: (1) opinion that is either consistent or inconsistent with the searchers' beliefs prior to the search task, and (2) credibility, which represents the believability of the document. We examined the extent to which these factors encouraged or discouraged searchers from searching carefully. The aim of our study is to learn the characteristics of a ranking system that can encourage people to search more carefully by better understanding how these factors affect their search behaviors and belief dynamics (i.e, how their beliefs change after the search process).
More precisely, the purpose of the study is to answer the following research questions: (RQ1): How do opinion and credibility encourage or discourage searchers to search for information carefully?, (RQ2): How do opinion and credibility affect searchers' decision outcomes in terms of belief dynamics?, and (RQ3): Is there any relationship between search behaviors and belief dynamics?
The participants were required to use our search system to find the answer to four medical-related yes-no questions, such as Are dairy products effective in improving hypertension? Prior to the search task, they were asked to provide their beliefs in relation to the remedy, which was then defined as prior belief. We controlled the search results list by inserting a manually prepared document with a specific opinion and credibility level depending on the experiment condition and the participants' prior beliefs in the second rank of the list. The participants were also asked to provide their beliefs in relation to the remedy after the search task, which was then defined as posterior belief. By doing so, we were able to analyze the effects the opinion and credibility had on the search behaviors and belief dynamics. The main findings of the study are summarized as follows: (1) the participants spent more effort searching by issuing more queries when they encountered documents that were inconsistent with their prior beliefs; (2) they tended to alter their beliefs when encountering an opinion that was inconsistent with their prior beliefs while they tended to retain their beliefs when encountering an opinion that was consistent with their prior beliefs. Also, such an effect depended on the level of credibility; and (3) the behavioral differences we found in (1) could not be observed according to the participants' belief dynamics as only the types of opinion in the clicked documents were highly different. These results imply that search engines could prevent users from polarization and thus, help them obtain accurate information, by presenting documents that are inconsistent with users' beliefs on the higher-rank of the results.
RELATED WORK 2.1 Confirmation Bias
Confirmation bias is the phenomenon where people seek information that confirms their predispositions without considering contradictory opinions [17, 33] . The effect of confirmation bias can be explained by the defense mechanism, cognitive dissonance, in which people prefer supportive information over opposing information to avoid mental discomfort [6] . This kind of behavior may lead people to make disastrous decisions because they may seek the information that deviates from the truth, or they may overlook the risks of confirmatory information [15, 32, 42 ].
Credibility
In this study, we follow the definition of credibility by Fogg, who simply defined it as the believability of information and its sources [10] . Fogg and Tseng proposed a taxonomy on the credibility of web information. It is comprised of four categories based on items used to judge the credibility of information: presumed credibility, earned credibility, surface credibility, and reputed credibility [11] . We employed surface credibility to prepare documents with different credibility levels (See Section 3.3). To evaluate information carefully, credibility awareness is essential. Metzger et al. found that credibility awareness impacts information seeking behaviors in which people are likely to be a critical information consumer [28] . Therefore, we considered credibility to be a major factor that could encourage people to search for information more carefully.
Bias, Credibility, and Search Behaviors
Previous studies found that people's search behaviors and decisions can be affected either by the bias in the search results or by the credibility of the sources. As for the bias in the search results, White and his colleagues [42] [43] [44] [45] found that people's confirmation bias can be exacerbated during searches; they found that people's decisions after searching were more biased towards a medical remedy was helpful even though there was evidence that it was not helpful. Moreover, they found that it was difficult to change people's beliefs after their decisions has been made. In addition to White's findings, Pogacar et al. [34] recently found that people were likely to make incorrect decisions when the search results were biased towards incorrect information. As for credibility, Kammerer et al. [19] found that people were more likely to spend less effort evaluating search results when the information sources seemed credible. Metzger [27] found that people were likely to believe visually aesthetic web information due to their limited time and cognitive capacity.
In order to mitigate confirmation bias and make more effective decisions, people should be exposed to alternative or opposing information that they might not have chosen previously [3, 14, 31, 41] . In line with this ideology, previous studies have found that recommending information inconsistent with the user's preference can stimulate divergent thinking and consideration of diverse information [24, 25, 37, 38] .
Our study considered and extended these studies in the following ways. First, while the previous studies [24, 25, 37, 38] revealed that the people's confirmation bias can be mitigated by presenting information inconsistent with their preference, the detailed relationship between their search behaviors and decisions when encountered with inconsistent information during a search is still unclear. Second, we consider both the opinion of a search result and its credibility, which enables us to better understand their relationship. Third, we also consider the relationship between people's belief dynamics and their detailed search behaviors to better understand how their search behaviors relate to their decisions.
CONCEPT
In this section, we define a critical thinker who is expected to carefully search for information and consider different points of view. Next, we introduce opinion and credibility as the document factors investigated in this study. Finally, we describe how we prepared the documents based on these factors.
Critical Thinker in Web Search
Ennis defined critical thinking as the process of careful thinking to determine what to believe or react to. Ideally, critical thinkers should seek alternatives, consider other points of view, and be aware of their own beliefs [5] . Consistent with this definition, Yamamoto et al. [47] [48] [49] , discussed the behaviors of critical thinkers in the context of web searching: They are expected to spend more time searching, issue more queries, browse more documents so as to make comparisons, and increase the evidence to support their decisions. More precisely, in the present study, we assumed that, compared to the non-critical thinkers, critical thinkers: (1) issue more queries, (2) click on more documents, (3) check deeper ranked result, (4) spend more time on browsing a document, (5) consider more documents as evidence that support their decisions, and (6) consider more reliable documents as evidence
The aim of our study is to understand the extent to which a document's opinion and credibility encourage or discourage the search behaviors described above (RQ1). We also investigate the effects document's opinion and credibility have on people's belief dynamics (RQ2) and its relationship with their behaviors (RQ3).
Factors Investigated in This Study
In this study, opinion and credibility are considered a document's major factors that affect users' search behaviors and belief dynamics. Opinion is the polarity of the document's content compared to the users' prior beliefs, beliefs held before performing a search. We investigated two types of opinions, consistent, where the polarity of . With the exception of visual styles, both controlled documents show the same content in their articles. the content supports the users' prior beliefs and inconsistent, where the polarity of the content opposes the users' prior beliefs. Opinion is considered because it impacts users' information selection. While belief-inconsistent opinions encourage users to select diverse information, belief-consistent opinions exacerbate their confirmation bias [38] .
Credibility is also taken into account in this study; it has been viewed as an important factor that influences the behaviors of system users [30] . In this study, we prepared high and low credibility documents separately. Previous studies proposed that people became less careful when information that seemed credible was presented and more careful when information that seemed less credible was presented [14, 19] . Therefore, we expected people to be less likely to search for information carefully when a high credibility document was presented and more likely to search for information carefully when a low credibility document was presented. Some studies have revealed that opinion and the quality of information are related [7, 20] . Thus, we also expected different combinations of opinions and levels of credibility to have different impacts on users' search behaviors and decision outcomes.
Controlled Documents Preparation
To investigate the effects different opinions and credibility levels have on peoples' search behaviors and belief dynamics, we manually prepared documents based on these factors. We refer to them as controlled documents hereinafter.
As for opinion, to prepare documents that were consistent/inconsistent with the users' prior beliefs, we manually prepared the content that supports/opposes to each search task. For example, for a search task that required a participant to find an answer for Are dairy products effective in improving hypertension?, we collected two types of articles from the web; ones that claimed that dairy products are effective in improving hypertension, and ones that claimed that dairy products are NOT effective in improving hypertension. The contents were selected from reliable sources that satisfied either of the following conditions: (1) the article explicitly refers to an academic paper or technical report presented at an academic conference, (2) the article is from a reliable medical knowledge base 1 , and (3) the article in which author information is explicitly written. Table 1 1 https://www.cochranelibrary.com/ shows the list of search tasks used in our study and the sources for preparing the controlled documents.
As for credibility, we developed the document layout in accordance with surface credibility [10] . Surface credibility is an evaluation criterion that the believability of information is judged based on appearance (as in, visual style). One typical example of surface credibility is that people are more likely to believe aesthetically appealing information [40] . We selected the surface credibility because it is easy for even people without an educational background to understand and apply [10, 29, 36] and many people apply surface credibility to evaluate web information [27] . As shown in Figure  1 , the high credibility controlled document was designed to be clean, clear, and simple since the document with such components are likely be perceived as aesthetic [21, 22] . Meanwhile, the low credibility controlled document was intentionally designed as less aesthetically appealing than the high credibility ones.
To avoid situations in which the differences in their content would affect the participants' search behaviors and decision outcomes, both the high and low credibility controlled documents presented the same content. Also, as a document's URL plays an important role in judging surface credibility [10] , we prepared the domain names for each credibility controlled document 2 . As we will cover in Section 5.1, the majority of the participants rated our high credibility documents as more credible than our low credibility ones. We prepared 16 controlled documents (4 search tasks × 2 opinion types × 2 credibility levels) for the user study described in the next section.
METHOD
We introduce the experimental design in this section and describe the experiment procedure in detail. We also introduce the search system that was tailored for this study and how we manipulated the search results. Finally, we outline how the participants were recruited and filtered from the analysis.
Experimental Design
The experiment was conducted with two independent within-subject variables: opinion (consistent/inconsistent) and credibility (high/low). It generated four experiment conditions which are C 1 (inconsistent, high credibility); C 2 (inconsistent, low credibility); C 3 (consistent, high credibility); and C 4 (consistent, low credibility). Our experiment was repeated in that each participant was assigned to all four conditions. For each condition, the participants were assigned to one of the four medical yes-no questions adopted from previous literature [49] , because medical information tends to have reliable evidence for both supporting and opposing opinions. Also, the degree of belief can be measured by yes-no questions [42] . Table 1 details each question. The tasks were rotated according to the Graeco-Latin square design [23] .
Procedure
First, participants were informed how their data would be used and asked for consent to use their data for research purposes. Only 
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The effect of milk products on blood pressure: a role for … https://www.dairynutrition.ca/.../the-benefits-of-milk-products-on-blood-pressure-a-ro... The benefits of milk products on blood pressure: a role for bioactive peptides Yves Pouliot, PhD Director, Institute of Nutraceuticals and Functional Foods (INAF), Laval University Hypertension (blood pressure ≥ 140/90 mmHg) is 1 ...
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http://www.kenko-blog-life.org/124-2/?asgid=480/ The study that people who often take dairy products tend to be less likely to be high blood pressure were published in the United States medical journal "Hypertension" online version. It is better to have low-fat dairy products than with saturated fat and no adjusted dairy products d controlled : Controlled document participants who agreed to these conditions could participate in the training task. In the training task, they were asked to find the answer for the question Is Chinese medicine effective for atopic dermatitis? using our search system to get familiar with our search system. Note that search results were not manipulated during the training task.
After the training task, the participants were asked to complete four search tasks. Each search task was performed as follows. First, the participants were given the instructions that comprised the background of the symptom and a remedy for each search task. In order to avoid a situation in which the participants becoming biased because of the instructions, we tried to ensure the instructions were as neutral as possible. The following phrase is an example of the instructions (for task 1 in Table 1 ) that were presented to the participants:
Hypertension tends to be a disease of the heart and the vascular system. People with hypertension typically have a high mortality rate. Therefore, preventing and relieving hypertension is important. Suppose that you are currently having hypertension symptoms and the doctor tells you to lower your blood pressure. You have heard rumors that dairy products such as milk, yogurt, and cheese seem to be effective in improving hypertension. Therefore, in this task, please conduct a web search to examine whether dairy products are effective in improving hypertension.
After reading the instructions, the participants were asked to complete a pre-task questionnaire. First, the participants were asked to provide their beliefs in relation to the remedy by the question Do you think dairy products are effective in improving hypertension? with a four-point Likert scale (1: No; 2: Lean No; 3: Lean Yes; 4: Yes). This means that the participants had to decide their beliefs to be either of the two sides. A possible problem with using a four-point Likert scale will be discussed later in Section 6.2. We regarded the participants' scores for this question to be their prior beliefs. Second, the participants were asked to rate their prior knowledge about the symptom and remedy on a four-point Likert scale (1: Not at all; 2: A little; 3: Good; 4: Excellent).
Subsequently, the participants performed the search task by using our search system. The details of our search system are explained in Section 4.3. During the search task, they were asked to use our system and were prohibited from using other commercial search engines. Also, they were allowed to issue any queries to the system and click on any documents returned by the system. The participants were not limited by time constraints. Once the participants felt satisfied, they could click the finish button at the top right of the search page.
At the end of each search task, the participants were asked to complete a post-task questionnaire. They were first asked to provide their beliefs about the remedy again on the same four-point Likert scale. We regarded their scores for this question as their posterior beliefs. Next, the participants were asked to select the documents that contain evidence to support their posterior beliefs. We provided a list of the documents they clicked on during the search task. They were asked to select one or more documents among the list.
After the four search tasks were finished, we asked the participants who clicked on the controlled document(s) during the four search tasks to evaluate the credibility of the controlled document(s) with the question How likely were you to believe this document? (1: Not at all likely to believe it; 2: Likely not to believe it; 3: Likely to believe it; 4: Very likely to believe it) for each controlled document they clicked, as we wanted to ensure that the majority of the participants perceived the high credibility controlled documents as credible and the low credibility ones as less credible. Thereafter, they had to complete an exit questionnaire that required them to provide demographic information (gender, education level, and search engine familiarity). Note that the participants had the option to refrain from answering the demographic questions on gender and educational background. Finally, the participants were asked if anything had bothered them during the search task. This questionnaire was prepared so that we could ascertain who had noticed that we manipulated the search results by inserting a controlled document in the search results. Figure 2 shows the screenshot of our search system. In order to help the participants get familiar with our search system easily, we imitated the user interface of a commercial search engine with the task instructions above the search box. Figure 3 shows the overview of how the search results were generated. According to the query issued by the participant, the system first obtained 50 organic search results d 1 , d 2 , . . . , d 50 via the Bing Web Search API 3 . The system then inserted the controlled document d controlled within the second rank of the search results and showed the top 50 search results, resulting in d 1 , d controlled , d 2 , . . . , d 49 being shown to the participant. Note that d controlled was selected based on the experiment condition and the participant's prior belief. For example, if the experiment condition was C 1 (inconsistent, high-credibility) and the participant's prior belief was either "Lean Yes" or "Yes", the system would present high-credibility d controlled containing information, which opposed the remedy (i.e., there is no reliable evidence that the dairy products relieve the hypertension).
Search System
We expected that many of the participants would click on our controlled document during a search task as higher-ranked documents are likely to receive more attention [13, 16] . We decided not to insert the d controlled in the first rank of the search results because we want to avoid situations where the participants doubted that the search results were not generated by a usual search engine or they doubted that the search results were manipulated based on their prior beliefs. Each search result was comprised of a title, a snippet, and a URL. For d controlled , we used its title and the first 100 words of its body text as a title and snippet, respectively. The document was displayed in a separate tab when it was clicked.
Participants
401 participants were recruited via Lancers.jp 4 , a Japanese crowdsourcing platform, from July 10 to August 3, 2018. The median and standard deviation of the task completion time were 22 minutes and 26 minutes, 17 seconds, respectively. Since we used a crowdsourcing platform to conduct the experiment, controlling the quality is important. To do so, in the instruction page, we said that we might reject their submissions if we judged that they did not follow the task instruction, although we actually did not reject any submission of the 401 participants. Each participant received approximately $4 as compensation.
From the results of 401 participants, we removed 71 participants who clicked the controlled document less than two tasks. We further removed 24 participants who noticed the manipulation of the search results. Furthermore, we removed participants who used other search engines than ours, did not complete all the search tasks, or spent too much/too little time on the task. We collected the data of the search tasks in which a participant clicked on our controlled document and finally obtained 809 search tasks from 260 4 https://www.lancers.jp/ participants for analysis. The demographics of the 260 participants is shown in Table 2 .
RESULTS
The results are reported as follows. First, we give the participants' perception of the credibility of our controlled document. Second, we examine the extent to which the controlled documents affected the participants' search behavior (RQ1). Third, we explore the extent to which the controlled documents affected the participants' belief dynamics (RQ2). Finally, we discuss the relationship between search behaviors and belief dynamics (RQ3). For the analyses regarding RQ1-RQ3, as we only used the data of the search task in which the participants clicked on our controlled documents, the data became unbalanced. The distribution of 809 search tasks in terms of the experimental conditions are C 1 : 210, C 2 : 191, C 3 : 213, and C 4 : 195. Therefore, we employed a linear mixed-effects regression analysis which is applicable for the unbalanced data [2, 8] .
We constructed a linear mixed-effects regression model where opinion, credibility and their interaction were considered as fixed effects. In line with the recommendation of keeping the random effect structure maximal [1] , the model initially included random intercepts and random slopes on participants and tasks. However, this model does not converge due to the data size. Therefore, we removed by-task random slopes because the tasks' variance is far smaller than participants' variance. Although removing the bytask random slopes decreases the generalizability of the model to the population of tasks, our model has high generalizability to the population of users [1, 46] . The final model we report contains random intercepts and slopes on participants and random intercepts on tasks. The formula for such a model 5 is d ∼ Opinion * Credibility + (1+ Opinion + Credibility | Participant) + (1 | Task), where d represents a dependent variable. We then performed the likelihood ratio test with the model and the null model, which only considers the random effects. The result is considered as significant if the model is statistically significant compared to the null model. The significance level in this study was set to 5%. Note that we applied log transformation to the temporal features, such as page dwell time.
Perception of Credibility
To ascertain whether the participants perceived our high (low) credibility documents as highly (low) credible, we calculated the average controlled documents' credibility score that had been obtained via the questionnaire for each credibility level separately. We found that high credibility controlled documents received higher average scores than low credibility controlled documents (high: M = 2.89, SD = 0.80; low: M = 2.39, SD = 0.76). The results 5 The model is expressed in the syntax of lmer, a widely used mixed-effects fitting method contained in lme4 [2] Session: Long -Search & Retrieval CIKM '19, November 3-7, 2019, Beijing, China showed that the majority of the participants agreed that the high credibility controlled documents were credible and low credibility ones were less credible. To validate the significance of the results, we conducted the linear mixed-effects regression analysis by constructing a model where the credibility score was regarded as a dependent variable and credibility was regarded as a fixed effect. Note that the random effect structure for this model was the same as we explained above. We found the main effect of the credibility on the credibility score (β = 0.27, SE = 0.03, t = 9.49, p < 0.001). This result implies that different credibility levels affect the controlled documents' credibility score assessed by the participants.
Data Annotation
For the later analysis, we collected the documents (excluding controlled documents) clicked on by the participants during the search task (which consisted of 1,103 documents) and hired three graduate students majoring computer science as assessors to annotate them. First, we asked the assessors to annotate the types of opinions on the document as either supporting, opposing, supporting and opposing, or irrelevant to the search task. The Fleiss' kappa coefficient, which is used to measure the agreement among the assessors, for this annotation is 0.64, which indicates the substantial agreement among the assessors [9] .
In addition to the types of opinions, we also asked the same assessors to annotate the reliability of the clicked documents. As we described in Section 3.1, we expected that people are likely to consider reliable documents as evidence when they are careful in their search process. To measure the reliability of the documents, we followed the four criteria of the JAMA benchmark [39] . The JAMA benchmark is the guideline that assesses the reliability of health care information on the web and has four criteria: (1) the document reveals its author (authorship), (2) updated date (currency), (3) references (attribution), (4) and sponsorship or ownership (disclosure). We asked the assessors to annotate whether the clicked document satisfies each of the four criteria. The Fleiss' kappa coefficients for the authorship, currency, attribution and disclosure were 0.72, 0.75, 0.58, and 0.68, respectively, all of which indicate the moderate to substantial agreement among the assessors. For later analyses, the annotation results were aggregated by majority vote, i.e., when at least two of the three assessors annotated the same label, it was considered as the gold standard label.
Search Behavior
As described in Section 3.1, our aim is to investigate to what extent a document's opinion and credibility encourage or discourage people to search for information carefully. The following search behaviors were analyzed for each participant during the search task:
• # of Queries: Number of queries issued in a search task. Note that the documents that contained both supporting and opposing opinions for the search task were not included in the analysis for both # of Consistent Clicks and # of Inconsistent Clicks.
We also analyzed the documents the participants selected as evidence that supported their posterior beliefs, which had been collected in the post-task questionnaire. We call these documents evidence documents hereinafter. The following metrics regarding the evidence documents were examined: • # of Evidence: Number of evidence documents selected by the participant. • JAMA Benchmark: Four numbers of evidence documents that satisfied (1) Authorship, (2) Attribution, (3) Currency, and (4) Disclosure, respectively.
Document's Opinion and Credibility on Search Behavior (RQ1)
To answer this research question, we performed a linear mixedeffects regression analysis with each participants' search behavior. Table 3 presents the results of the analysis. The "Fixed Effects" column in Table 3 shows the coefficient, standard error, t-statistic, pvalue of each fixed effect in the model. This column also reports the model's goodness of fit when the model is statistically significant compared to the null model. We found a main effect of the opinion on the number of queries (β = 0.12, p < 0.05). Table 4 shows the results of this behavior according to the types of opinion. The results in Table 4 revealed that the belief-inconsistent opinions encouraged the participants to issue more queries (inconsistent: M = 2.70, consistent: M = 2.41).
The results presented in Table 3 also revealed the main effect of credibility on the time spent on the controlled document (β = 0.10 , p < 0.01). Table 5 shows the results of this behavior according to the types of credibility. The results in Table 5 revealed that the participants preferred spending time on high credibility controlled documents (high: M = 19.67, low: M = 17.55).
As for the interaction between opinion and credibility, we observed no significant interaction effect between the two. From this study, we did not observe the data that suggests the effect the different combinations of opinions and credibility levels had on the participants' search behaviors.
In essence, we found that the belief-inconsistent opinions encouraged the participants to issue more queries. A possible explanation for this result could be the participants who encountered the beliefinconsistent documents tried to issue more queries to find more information. However, we need a further study to understand this effect since its difference seems not large.
Belief Dynamics (RQ2)
To answer this research question, our analysis was based on the answer obtained from the belief-related questionnaires that were asked before and after the search task. As for belief dynamics, Table 3 : Mean (M) and standard deviation (SD) for each controlled document condition (C 1 : inconsistent and high credibility, C 2 : inconsistent and low credibility, C 3 : consistent and high credibility, and C 4 : consistent and low credibility) and statistical testing results of each search behavior of the model with different fixed effects ( ***: significance level at 0.001, **: 0.01, and *: 0.05). Coefficient (β), standard error (SE), t-statistic (t), and p-value (p) of each fixed effect are reported. The χ 2 and p-values of the model which is statistically significant compare to the null model are also reported.
Condition
Fixed Effects in this study, we focused on the cases in which the participants changed (or did not change) their prior beliefs from one polar to the opposite polar after the search task. We refer to the cases in which the participants changed their prior beliefs from one polar to the opposite polar as they altered their beliefs, otherwise, retained.
We first performed a logistic mixed-effects regression analysis to investigate how opinion and credibility affected belief dynamics. Similar to Section 5.4, we constructed a logistic mixed-effects model where belief dynamics d was considered a binary dependent variable (1: alter, 0:retain). From the logistic mixed-effects regression analysis, we found the main effect of the document's opinion (β = 0.71, SE = 0.10, z = 7.35, p < 0.001) and credibility (β = −0.21, SE = 0.09, z = −2.19, p < 0.05) on the belief dynamics. This suggests that both opinion and credibility affected the participants' belief dynamics. Note that the model is statistically significant by the likelihood ratio test compared to the null model.
To further analyze the effects of opinion and credibility, Tables 6 (a)-(d) show the participants' beliefs after the search task (columns) compared to their beliefs prior to the search task (rows) with the different opinions and credibility conditions. Tables 6 (a) -(d), show that the participants were more likely to alter their beliefs from one polar to the opposite polar ( 1 ) when belief-inconsistent controlled documents were presented, especially from the no polar to yes polar, compared with the cases when belief-consistent controlled documents were presented ( 2 ) . For example, when beliefinconsistent, high credibility controlled documents were presented, 71.43% (53.85% + 17.58%) of the participants who were "Lean No" prior to the search task altered their beliefs to either "Lean Yes" or "Yes" after the search task. On the contrary, as cells 3 and 4 show, the participants were more likely to retain their beliefs in the same polar when belief-consistent controlled documents were presented. These results imply that the participants who encountered a belief-inconsistent controlled document during a search process were more likely to alter their beliefs (especially when their beliefs were either "No" or "Lean No" prior to the search task). On the other hand, the participants who encountered a belief-consistent controlled document were more likely to retain their beliefs.
As for credibility, we found that the participants were less likely to retain their beliefs when belief-consistent, low credibility controlled documents were presented, ( 4 ), compared with cases when belief-consistent and high credibility controlled documents were presented ( 3 ) . This result implies that the effect the belief-consistent controlled document had depended on its credibility level. Participants who encountered a belief-consistent controlled document with higher credibility were more likely to retain their beliefs.
Finally, as we can see from Tables 6 (a) and (b), we observed that the participants were likely to lean their beliefs towards the yes-polar after the search task when belief-inconsistent documents were presented. The possible explanation for this result is that the majority of the organic search results leaned towards yes-polar. Table 7 shows the distribution of the opinions in the documents clicked on by the participants, from which we can observe that most search results leaned towards the supportive information about the search task. This result implies that the distributions of the opinions in the search results would have an impact on the searchers' decision outcomes, as also reported by [34, 43] .
An interesting finding was that such an effect could not be observed for the participants who encountered the belief-consistent opinions. Even the distribution of the documents' opinion leaned towards yes; as shown in Table 7 , many participants who believed no Table 6 : Percentage of belief dynamics for each controlled document condition. (For each prior belief, the polar that the majority of participants leaned towards in posterior belief is highlighted in gray). The presentation of this table is inspired by the paper [42] .
(a) C 1 : Inconsistent, High Credibility (n = 210) 
Prior Belief
Posterior Belief prior to the search task still retain their beliefs in no when the belief-consistent opinion was presented. This phenomenon might be caused by the effect of the participants' confirmation bias that was strengthened by belief-consistent opinions. Therefore, it was difficult to change their beliefs even when the majority of the search results contained the yes-polar information.
In summary, we found that both opinion and credibility affected the participants' belief dynamics. As for opinion, participants were likely to alter their beliefs from one polar to the opposite polar when a belief-inconsistent controlled document was presented. As for credibility, participants were likely to retain their beliefs when the belief-consistent, high credibility controlled document was presented.
Search Behaviors and Belief Dynamics (RQ3)
To explore the relationship between search behaviors and belief dynamics, we performed a logistic mixed-effects regression analysis. For each search behavior b i investigated in Section 5.3, we constructed a logistic mixed-effects regression model M i where the participant's belief dynamics d (0: retain, 1: alter) is considered as a dependent variable and b i is considered as a fixed effect. We then evaluated the goodness of fit of M i compared to the null model by using the likelihood ratio test and reported the results in Table 8 when M i is statistically significant. We found the main effect of the number of consistent clicks (β = -0.53, p < 0.001), number of inconsistent clicks (β = 0.31, p < 0.001), authorship (β = -0.42, p < 0.05), and attribution (β = -0.36, p < 0.05) on the belief dynamics. Table 8 shows the results of these behaviors according to the types of belief dynamics. Table 8 revealed that the participants who altered their beliefs were less likely to click on the documents that were consistent with their prior beliefs (alter: M = 0.70, retain: M = 1.83) and were more likely to click on the documents that were inconsistent with their prior beliefs (alter: M = 3.10, retain: M = 1.65).
For the evidence related behaviors, Table 8 revealed that the participants who retained their beliefs were more likely to submit the evidence that satisfies authorship (alter: M = 0.14, retain: M = 0.21) and attribution (alter: M = 0.23, retain: M = 0.30). Although we could not provide a clear explanation for this result, this could be explained by the psychological phenomenon called motivated reasoning [20] in which people spend their efforts collecting information that confirms their prior beliefs to maintain their beliefs in the face of information that challenges their beliefs. However, these behavioral differences seem smaller than those in the number of clicked documents that were consistent/inconsistent with the participants' beliefs.
As Table 8 shows, while we found that the participants issued more queries when the belief-inconsistent documents were presented (Section 5.4), such a behavioral difference was not found in terms of the belief dynamics. Only the types of opinion of the clicked documents were highly different. This implies that the participants' belief dynamics and their search effort had few relationships. 
DISCUSSION
In this section, the implication of the results and limitations of the study are discussed.
Implications
Our findings imply that search engines could mitigate the confirmation bias by learning the users' prior beliefs through their search histories and presenting documents that are inconsistent with their prior beliefs at the higher rank in the search results, as they are likely to be influenced by the higher-ranking documents [16] . By doing so, users can consider the different viewpoints and obtain accurate information. Recently, search engines have started summarizing the contradictory information about a query and presenting it as featured snippets to draw an attention from their users 6 . Presenting the belief-inconsistent information in the featured snippets might be helpful to encourage users to aware of their underlying confirmation bias. As for credibility, we observed that the participants were likely to retain their beliefs when the highly credible and belief-consistent documents were presented (Section 5.5). This result implies that people might be more likely to believe the inaccurate content if it seems credible and confirms their prior beliefs. Recently, some major search engines encouraged content providers to follow design frameworks such as AMP, and search results that followed the framework would be quickly displayed to the users in a welldesigned fashion 7, 8 . One concern is that such search results would likely to be considered credible by users, since documents with high usability and visually aesthetic are often considered credible [26, 50] . Therefore, both search engines and their users should be aware that such search results might strengthen users' confirmation bias.
Limitations
Our work has several limitations that should be acknowledged.
Effect of organic search results: It might be questioned whether the participants' behaviors and belief dynamics were affected by organic search results as well as by the controlled documents. Regarding the organic search results, we observed the results similar to White's [43] , where people were likely to lean their beliefs towards the dominant polar in the search results, as shown in Table 7 that the majority of search results were leaning towards yes. However, we also observed the effect controlled documents had on their belief-dynamics; the participants who believed no prior to the task still retained no as their posterior beliefs when the controlled document that was consistent with their prior beliefs was presented. This means that the participants' behaviors and belief dynamics were affected by both the controlled documents and the organic search results. The current analyses reported in Section 5 cannot fully separate these two effects.
Noticing of the search result manipulation: We removed the participants who noticed our search result manipulation via the question in the exit questionnaire (Section 4.2). One limitation of such an approach is that we could not identify all the participants who noticed the manipulation. However, since we did not tell the participants the exact research questions investigated in the study, we still regarded the data of these participants as useful even if they felt strange about the presented search results.
Belief-related Scale: We used the 4-point Likert scale to measure the participants' prior and posterior beliefs, which means that we assumed they were able to decide either lean-yes or lean-no (Section 4.2). One problem with this assumption is that it would be difficult for participants to decide their beliefs (especially before starting the search task) when they had little knowledge about the topic; thus, their beliefs were weak. As shown in Table 9 , most participants had little knowledge of the search tasks. However, we observed that the opinion affected the behaviors (Section 5.4) and belief dynamics (Section 5.5) of even such participants.
Generalizability: Our study cannot be generalized to other domains of search tasks. The question as to whether our findings are applicable to other domains remains open. For example, the political domain, where people are more likely to have strong prior beliefs and where complicated diverse opinions exist on the web. However, we think that the search tasks tackled in this study (i.e., health-related search tasks that can be answered yes or no) are also an important potion of search tasks in our recent society.
CONCLUSION
In this study, we investigated the effects documents' opinion and credibility have on people's search behaviors and belief dynamics. The results were that the participants are likely to spend more effort in their search process by issuing more queries when the documents that were inconsistent with the participants' prior beliefs were presented. Furthermore, they tended to alter their beliefs when an opinion that was inconsistent with their prior beliefs was presented, and they tended to retain their beliefs when an opinion that was consistent with their prior beliefs was presented. Also, the effect depended on the level of credibility. Finally, the participants' belief dynamics and search efforts had few relationships; only the types of opinion in the clicked documents were different. In the future, we aim to analyze the search tasks in which the participants did not click on the controlled documents because it would be interesting to observe whether they were affected by the title or the snippet of the controlled document even though they did not click on it. We also aim to develop a new re-ranking algorithm to encourage searchers to perform careful information searches.
